In this paper, we describe the physics beyond the Standard Model with respect to CP violation and baryon asymmetry. We describe and discuss some general model-independant considerations for new effects in B mixing and decays. A review on CP violation in the B 0 and K 0 mesons systems is given, which, we hope may familiarize new Belle members in the basic ingredients of this topic.
I-Introduction to CP violation
Various symmetries play very important roles in particle physics. Some of them are continous and the others are discrete. The CP symmetry is one of the latter and the origin of its violation is one of the most exciting mysteries in the present particle physics. As its name implies the CP transformation is a product of two discrete operations, C and P .
Charge conjuction, C, is a symmetry of the sign of particle charge. Parity, P , is a symmetry of space. P invariance means that the mirror image of an experiment yeilds the same result as the original.
Until 1956, it was believed that all elementary processes are invariant under C and P . Lee and Yang pointed out the possibility of the violation of these symmetries [1] , and subsequent experiments proved that C and P symmetries are really violated in weak interactions. However, the products of C and P transformations, CP was still a good symmetry.
The second impact came in 1964. An experiment in neutral K mesons showed that CP is also not conserved under weak interactions. Neutral K mesons (K 0 andK 0 ) are created by strong interactions. The mass eigenstates of the K 0 −K 0 system can be written:
(choosing the phase so that CP |K 0 = |K 0 ). If the CP invariance held, we would have q = p so that K S would be CP even and K L would be CP odd. Because the kaon is the lightest strange meson, it deays through the weak interaction. Neutral kaons can decay into two or three pions. Since a pion has a CP eigenvalue of -1, K S always decays into three pions, if CP is consereved in weak interactions. The experiment performed at Brookhaven prooved that a small fraction of K L decays into two pions which means CP is violated in the weak interaction. In the kaon system, the order of obsereved CP asymmetry is 10 −3 .
In 1973 M. Kobayashi and T. Masakawa proposed a theory of quark mixing which can introduce the CP asymmetry within the framework of the Standard Model [2] . They demonstrated that the quak mixing matix with a measurable complex phase introduces CP violation into the interactions.
In the Standard Model, the quark-W boson interaction part of the Lagrangian is written as:
where g is the weak coupling constant, u L (d L ) represents the left-handed component of u-type (d-type) quarks V is the quark mixing matrix.
If all the elements of the quark mixing matrix V are real, the amplitudes for a certain interaction and that for the CP conjugate interaction are the same. In order to violate the CP symmetry, V should have at least one complex phase as its parameter.
In general, N dimensional unitary matrix has N 2 parameters, with
real rotation angles and
phases. Since we can rephase the quark fields except one relative phase, (2N −1) phases are absorbed and (n − 1) 2 physical parameters are left. Among them,
are real angles and (N −1)(N −2) 2 are phases. The presence of the phases means that some of the elements must be complex and this leads to CP violation transitions.
In the case of N = 2, two quark-lepton generations, there is one rotation angle (the Cabibbo angle) and no phase. This means that CP must be conserved in the model with four quarks.
In the case of three generations, N = 3, there are three rotation angles and one phase so that CP can be violated. The quark mixing matrix for the six-quark model can be written in many parametrizations, but two parametrizations are especially well known: 
The first parametrization (4) is by Particle Data Group, where c ij ≡ cos θ ij and s ij = sin θ ij for i, j = 1, 2, 3.
The second parametrization (5) is obtained by Wolfenstein [3] , is also widely used. Setting λ to the sine of the Cabibbo angle [4] , sin θ C ≃ 0.22, and writing down all the elements in terms of powers of λ the remaining three parameters are intended to be of order unity. It clearly indicates the hierarchy in the size of elements. The diagonal elements are almost unity. The elements beween the adjacent generations are smaller by an order of magnitude and the elements with the first and third generations are further smaller. Experimentally, the parameters A and λ can be determined from a three level decay and are rather well known [4] : A = 0.84 ± 0.04 , λ = 0.2196 ± 0.0023 (6) while ρ and η are not determined precisely, since thier determination requires the measurement of V ub and V td which are of order λ 3 .
The unitarity of the CKM matrix leads to some constaints on its elements. For example, the product between the first and the second columns lead to the equation,
which is related to the K meson system. Since the elements of the CKM matrix are complex, this implies they form triangles on a complex plane. Although the unitarity of the CKM matrix 
leads to six triangles, most of them have one side which is much shorter than the othr two sides, and consequently one tiny angle. In the Wolfenstein parametrization, we can compute the magnitudes of three terms in equation 7:
This explains why the observed CP assymetries in K decays, related to the tiny angle are very small (O(10 −3 )).
On the other hand the B meson system is related to the following equation:
where all the three terms are of the same order of magnitude O(λ 3 ). This implies that all three angles can be large in triangle related to equation (9) , which leads to the possibility of large observable CP asymmetries in the B meson decays. The triangle related to B meson ( Figure 1 ) is somtimes called the "Unitary Triangle".
Since the only two generations are related to the three diagrams of the K meson decays, the sensitivity to the parameters related to the CP violation is limited in the K system. In the B system, all angles φ 1 , φ 2 , and φ 3 can be measured independantly, which leads to precise tests of the Standard Model.
B meson can be produced in two energy regions, a center-of-mass (CM) energy equal to or higher than the Υ(4S) energy region: The BB cross section is the highest in the CM energy; B −B pairs are exclusively produced (50% B 0B0 and 50% B + B − ); The energy of the produced B meson is known which can be used to reduce the combinational background.
One of the most promising methods to measure the CP angles in the B meson system is based on neutral B decays to CP eigenstates f CP , which are common to B 0 andB 0 . B 0 and B 0 can "mix" through the loop diagrams shown in figure 2, i.e. after a certain time, a meson B 0 at a production point is not a pure B 0 state, but a mixed state of B 0 andB 0 . The CP violation is induced by B 0 −B 0 mixing through the interference of the two decay amlitudes of
. In order to detect this CP violation, one must know, or tag the flavor of the particle (B 0 orB 0 ) at a given time.
On the Υ(4S), tagging one B as a B 0 or aB 0 identifies the other with certainty. Since both C and P eigen values of Υ(4S) is -1 and the decay of Υ(4S) is caused by strong interaction which conserves CP , the produced B −B should be in a CP eigenstate with a eigenvalue of 1. Because the spin of Υ(4S) is 1 and that of of B is 0, B 0 andB 0 mesons are produced with orbital angular momentum of 1, which means the P eigenvalue of B −B system is -1. This restricts the C eigenvalue to be -1 and a BB pair will remain in a coherent state as long as neither B has decayed. If one of them is detected to be B 0 (B 0 ) at a moment, the other is inevitablyB 0 (B 0 ) at that time. This is extremely important for measuring the CP violation.
For example, consider one B 0 from Υ(4S) decays into semi-leptonic mode, like B → D * lν (l = e or µ), after t 1 from its production. If that particle was a B 0 (=bd) at t 1 , the charge of the lepton is positive (see Figure 3 ) and if it wasB 0 (= bd), the charge of the lepton is negative. The flavor of B meson which decays into CP eigen state is determined by the flvor of the associated B meson. There are mainly two methods to tag the flavor of B. One is based on semileptonic B decays and the other is the cahrge of the kaon from b → c → s decay chain that also indicates the flavor of the B. When a B 0 −B 0 pair is produced with an odd relative angular momentum, the rate for one of the neutral B mesons to decay asB 0 at t = t 1 and the other (which is B 0 at t = t 1 ) to decay into a CP eigenstates, for example J/ψK S , at t = t 2 is written as:
where Γ is the meson total decay width, ∆t ≡ t 2 − t 1 , ∆m d is the mass difference between the two weak eigenstates of neutral B mesons and λ is the CP asymmetry parameter:
The CP conjugate of Eq. (10) is:
The value of ∆t ranges from −∞ to +∞ and it is easily seen that the CP asymmetry vanishes in the time integrated rate. Therfore, the measurement of the decay time difference, ∆t is required to observe CP asymmetry in the experiments at Υ(4S).
In the normal e + e − colliders with the identical energies of both e + and e − , the Υ(4S) is produced at rest and cosequently the B mesons are produced at rest. Momenta of B's from Υ(4S) are abut 325 Mev/c and the average decay length of the B's is about 30 µm if the Υ(4S) is produced at rest. In this case it is impossible to measure the time dependence with the present vertex detectors.
A solution is to produce the Υ(4S) moving in the laboratory frame. This can be acheived by colliding two beams of unequal energies. This reults in two B mesons boosted in the same direction along the beam axis. The average distance between the two B decays is approximately βγ Cτ where βγ is the boost parameter of the center of mass and τ is the average B lifetime. Since the B mesons move almost parallel to the beam axis, the decay time difference of two B mesons can be approximately calculated as ∆t ≃ ∆z βγ C
where ∆z is the distance between the decay vertices along the beam axis. A precise measurement of the decay vertices of the B mesons is necessary to measure the CP violation in this scheme.
II-New Physics
CP asymmetries in the B sector are sensitive to the possible existence of "New Physics" beyond the Standard Model induced by the quantum loop effects of virtual new particles. This new physics may manifest itself in several ways: 1)Two different measurements which relate to the same quantity in the Standard Model yield incompatible results for that quantity.
2)φ 1 + φ 2 + φ 3 = π, but the values of the angles are inconsistent with the measured sides of the Unitary Triangle.
3)Asymmetries which are expected to vanish or be very small in the Standard Model are found to be significantly larger than predicted. have relatively large rates (for loop processes) due to the massive internal top quark and the Cabibbo-Kobayashi-Maskawa (CKM) structure of the contributing penguin and box diagrams. Also, long-distance effects are expected to play a limited role due to the heavy B mass.
III Baryon Asymmetry
Assuming the microwave background radiation to be universal and the dark matter to be non-baryonic, we can estimate the ratio of the number density of baryons n B to that of photons. The ratio comes out as:
with an uncertainty factor of 10 defined with this is the apparent absence of antibaryons; so far as our own neighborhood is concerned, there is conclusive evidence against the presence of antimatter and there is hardly reason to beleive in the accurence of antimatter in more distant parts of the universe. Yet, theoretically it seems natural to hypothesize that in the early universe when the temperature and density were sufficiently high, baryons and antibaryons could readily be produced and annihilated, and a thermodynamic equilibrium prevailed in which the net number of baryons vanished and, subsequently, the number of baryons (or antibaryons) was of the same order as the number of photons. There are 2 other requirements in order for such a baryon asymmetry to develop [5] :
1)There must be C and CP violation (this is admitted in the GUTs)
2)There must be a departure from thermal equilibrium. CP T invariance guarantees the equality of particle and anti-particle masses. Hence in thermal equilibrium both will have the same number density as dictated by Boltzmann statistics.
To see the necessity of these requirements, consider the scheme of baryon nonconserving sections:
where overbars indicate antiparticles. If C and CP strictly hold good (i) and (ii) exaclty counterbalance each other's effect (and so do (iii) and (iv)). If there is a thermodynamic equilibrium then according to the principle of detailed balance (i) and (iii) (and (ii) and (iv)) neutralize each other. The need for thermodynamic equilibriuma also follows from statistical distribution formulas. The creation-annihilation reaction:
shows that the chemical potential µ B = µB. Again we write the baryon nonconserving reaction like:
shows that the µ B + µB = 0. Also from CP T , M B = MB (M for masses). Hence, in equilibrium, the distributions will be identical, i.e., n B = nB.
To examine the question of thermodynamic equilibrium, consider the decay of superheavy bosons. The rate of decay is Γ D = αg * M x where α is the coupling strength of the boson with fermions, and g * is an effective sum of the statistical weight factors g:
f ermions g where the sum extends over all particle species and M x is the mass of the boson. We may neglect annihilation in the case of these bosons at the crucial temperature T ∼ M x c 2 K as they have have much longer time scale. The other relevant rate concerns the fall in temperature:
where H is the Hubble estimate and t the scale-time.
There will be no thermodynamic equilibrium at T ∼ M x c 2 K if Γ D ≫ H and no baryon symmetry will arise. If however Γ D < H there will be thermodynamic nonequilibrium in the form of an excess number of the bosons becuase the decay lags behin the fall in temperature.
The condition of nonequilibrium reduces t M x > 10 16 GeV (g * ∼ 160, α = 1 45
according to GUT models). This bound to the mass of X bosons in consistent with the bound deduced from the stability of protons.
IV-CP violation in B mesons
In a large class of models, the only significant new physics effect on the CP asymmetries in B 0 → J/ψK 0 S and B → ππ decays is a new contribution to the BB mixing amplitude. This allows a model-independent construction of the effects on the CKM Unitarity Triangle (up to hadronic uncertainties).
1-Basic Assumptions and Results
Once the neutral B mesons are produced in pairs, their semileptonic decays provide an excellent method to measure the B 0 −B 0 mixing. From their quark contents, B 0 decays into positive charged lepton l + whileB 0 goes into a negative l − . If B 0 andB 0 do not mix, the produced pair B 0 +B 0 could have a distictive signature of a dilepton with opposite signs l + + l − . Therefore, a fully reconstructed µ + + µ + same-sign event could unambiguosly demostrate the conversion of ā B 0 into B 0 , i.e the pair B 0 −B 0 becomes two B 0 which subsequently decay into µ + + µ + .
The asymmetries which measure angles of the unitarity triangle are for example (up to uncertainties arising from penguin contribution in the case of φ 1 :
The measurement of
, where ∆m B is the mass difference which is a measure of the frequency of change from B 0 intoB 0 or vice versa, and Γ B is the decay width determines (up to uncertainties in the value of the hadronic matrix element) one side of the scaled unitarity triangle (R t ):
where
, and f is the decay constant. Measurements of various inclusive and exclusive b → ulν processes will determine (up to uncertainties arising from various hadronic models) the length of the other side of the scaled unitarity triangle (R u ):
where F ps ≈ 0.5 is a phase space factor.
In the presence of new physics it is quite possible that the Standard Model predictions (14) and (15) are violated. The most likely reason is a new, significant contribution to B −B 0 mixing that carries a CP -violating phase different from the Standard Model one. Other factors that could affect the construction of the unitarity triangle from these four measurements are unlikely to be significant [6, 7] :
1)The b →ccs and b →ūud decays for a ψK 0 S and a ππ respectively, as well as the semileptonic B decays for R u , are mediated by Standard Model tree-level diagrams. In most extensions of the Standard Model there is no decay mechanism that could significantly compete with these contributions.
2)New physics could contribute significantly to K −K mixing.
3)Unitarity of the three generation CKM matrix is maintained if there are no quarks beyond the three generations of the Standard Model. Even in models with an extended quark sector the effect on B −B mixing is always larger than the violation of CKM unitarity.
The analysis presented below applies to any model which has significant new physics effects in B mixing, but not in the decay channels used to determine φ 1 and φ 2 or the K mixing phase. In all such models the relevant new physics effects in B mixing can be described by two new parameters, γ d and θ d [8, 9, 10, 11] , defined by
where H f ull ef f is the effective Hamiltonian including both Standard Model and new physics contributions, and H SM ef f only includes the Standard Model box diagrams. In particular, with this definition, the modification of the two CP asymmetries in (1) depends on a single new parameter, the phase θ d :
while the modification of the B −B mixing parameter x d in (2) is given by the magnitude rescaling parameter, γ d :
Furthermore, since the determination of R u from the semileptonic B decays is not affected by the New Physics, and since the unitarity triangle remains valid, the following relations between the length of its sides and its angles can be deduced:
where φ 1 , φ 2 and φ 3 are defined to lie in the (0,2π) range, they satisfy
The four measured quantities a ψK 0 S , a ππ , x d , and R u allow one to [8] :
1)Fully reconstruct the unitarity triangle and in particular find φ 1 , φ 2 and R t ; and 2)Find the magnitude and phase of the new physics contribution to B −B mixing, namely determine γ d and θ d
Equations (18) and (20) 
2-Discrete Ambiguities
A serious obstacle in carrying out the above program is an eightfold discrete ambiguity in solving for the angles of the triangle. these angles can be obtained by measuring the difference between B andB decay nets into various channels due to CP violation.
The range of each angle is defined here to be (0,2π). Measurement of any single asymmetry, sin 2φ, determines the corresponding angle only up to a four-fold ambiguity: φ, 
The eight possible solutions for φ 3 are
Note that the eight solutions come in pairs of ±φ 3 . This in turn implies that the ambiguity on Rt is only four-fold. In any model where the three anglesφ 1 ,φ 2 , and φ 3 , form a triangle, the ambiguity is further reduced [12] : the requirement that the angles are either all in the range (0,π) or all in the range (π,2π) reduces the ambiguity in to four-fold. It is enough to know the signs of a a ψK 0 S and a ππ to carry out this step. Finally, within the Standard Model, the bound 0 < φ 2 <
, π).
The following eample will make the situation clear. Take
Then the ambiguities areφ
The eight solutions for φ 3 are
Ifφ 1 ,φ 2 , φ 3 define a triangle then only four solutions are allowed:
If 0 <φ 2 < π 4
as in the Standard Model, only the first two choices remain. In various special cases, the discrete ambiguity is smaller (see [13] ). In addition, for each value of φ 3 there are two possibilities for θ d related by θ d → θ d + π. As long as the new physics is such that the ∆b = 2 operator that contributes to B −B mixing can be separated into two ∆b = 1 operators the θ d → θ d + π ambiguity is physical. Otherwise, it is not physical.
3-The (ρ, η) Plane
The key point in the extraction of the CKM parameters is that the angle θ d cancels in the following sum:
In other words, the angle φ 3 can be determined. In the (ρ, η) plane, a value R u for gives a ray from the origin, while a value for R u gives a circle that is centered in the origin. The intersection point of the line and the circle gives (ρ, η) of the unitarity triangle and determines it completely.
4-The (sin 2φ 1 , sin 2φ 2 ) Plane A presentation of the various constraints in the (sin 2φ 1 , sin 2φ 2 ) plane [8, 9, 10] is useful because the two angles are usually correlated [14] . The R u constraint gives an eight-shaped curve on which the physical values have to lie. The various solutions for Eq. (31) fall on two ellipses, the intersections of which with the R u curve determine the allowed values of sin 2φ 1 and sin 2φ 2 . Note that these ellipses cross the eight-shaped curve in sixteen points but, as argued above, only eight of these points are true solutions. The inconsistent intersection points can be found by noting that the slopes of the ellipse at the consistent points should be (cos2φ 1 − cos 2φ 2 )
In conclusion it was shown how to use measured values of the CP asymmetries a a ψK 0 S and a ππ to find the allowed values for φ 1 and φ 2 . The presentation in the sin 2φ 1 − sin 2φ 2 plane is also useful for the opposite situation. Some models predict specific values for φ 1 and φ 2 . On the other hand, the models often allow new contributions to B −B mixing of unknown magnitude and phase. In this case, the predicted value of (sin 2φ 1 , sin 2φ 2 ) is just a point in the plane, and the ellipse in Eq. (31) actually gives the allowed (and correlated) values of (a ππ , a ψK 0 S ). More generally, in any class of models where sin 2 φ 3 cannot assume any value between zero and one, some regions in the a ππ − a ψK 0 S plane are excluded [15] . It is clear, however, that the model-independent con-struction of the triangle at the level of accuracy required to distinguish new physics effects, while possible in principle, will pose serious theoretical and experimental challenges.
V-New Physics Effects in CP -Violating B Decays
In this paragraph we present systematic analysis of the effects of new physics in the B decay amplitudes on the CP asymmetries in neutral B decays [16] . Although these are expected to be smaller than new physics effects on the mixing amplitude, they are easier to probe in some cases. Given the current uncertainties in the values of the CKM phases, and ignoring for the time being possible effects due to Standard Model penguins, the only precise predictions concerning the CP asymmetries made by the Standard Model are the following:
i)The CP asymmetries in all B d decays that do not involve direct b → u (or b → d) transitions have to be the same.
This prediction holds for the B S system in an even stronger form:
ii) The CP asymmetries in all B S decays that do not involve direct b → u (or b → d) transitions not only have to be the same, but also approximately vanish.
Thus, the cleanest place to look for evidence of new CP -violating physics is obviously the B S system.
1-Effects in Decays
In contrast to the universal effects of the new contributions to the B 0 d −B 0 d mixing, the effects of new physics in decay amplitudes are manifestly non-universal, i.e., they depend on the specific process and decay channel under consideration. Experiments on different decay modes that would measure the same CP -violating quantity in the absence of new contributions to decay amplitudes, now actually measure different CP -violating quantities. Thus, the Standard Model prediction (i), concerning B d decays, can be violated. Even though the possibility of new physics in decay amplitudes is more constrained than that in mixing amplitudes, one could detect these smaller effects by exploiting the fact that two experiments that should measure the same quantity, in fact, do not.
2-General Formalism
The time dependent CP asymmetry for the decays of states that were tagged as pure B 0 or B 0 at production into CP eigenstates is defined as
and given by
Here ∆M is the mass difference between the two physical states, and in Eq (34) reduces to [17] .
and a
where φ 12 = φ 1 − φ 2 and δ 12 = δ 1 + δ 2 .
In the case φ 3 = 0 or φ 12 = 0, one recovers the frequently studied case studied, where a One can write: a
where φ 0 = φ M + φ 1 , and δφ is the correction to it. For small φ 3 , δφ ≤ φ 3 .However for φ 3 > 1, δφ can take any value. Thus, when cataloging values of δφ for various models, δφ ≃ 1 is used to indicate such cases.
3-The Different Decay Channels
There are 12 different hadronic decay channels for the b quark: eight of them are chargedcurrent mediated
and four are neutral current
If only one Standard Model decay amplitude dominates all of these decay channels, i.e., φ 3 = 0 in Eq. (38), then up to O(λ 2 ) (where λ ≈ 0.22) is the expansion parameter in the wolfenstein approximation), the CP asymmetries in B meson decays all measure one of the four phases,
Note that φ ′ 2 < 2.5 × 10 −2 is very small in the Standard Model [18] , but in principle measurable. This small value is a sub-leading correction to the clean Standard Model prediction (ii). Corrections to this idealized limit, as well as to the φ 3 = 0 limit, are studied in the next sub-section.
In the Standard Model the CP asymmetries in the decay modes (c1) b → ccs (e.g. Several methods [19] have been proposed based on the fact that the two amplitudes (c4) b → cūs and (c6) b → ucs (e.g.,
are comparable in size, and contribute dominantly to the D 0 orD 0 parts of D CP , respectively, to extract the quantity
Since both of the above evaluations of , Eqs. (42) and (43) are manifestly independent of any phases in the neutral meson mixing matrices, the only way they can differ is if there are new contributions to the B or D meson decay amplitudes. The remaining charged current decay mode (c8) b → uūs suffers from large theoretical uncertainty since the tree and penguin contributions are similar in magnitude.
For the neutral current modes the dominant Standard Model contribution is first assumed to be from a penguin diagram with a top quark in the loop; corrections to this approximation are discussed later. Since these are loop-mediated processes even in the Standard Model, CP asymmetries into final states that can only be produced by flavor changing neutral current vertices are likely to be fairly sensitive to the possibility of new physics in the B meson decay amplitudes. The modes (n3) b → sdd and (n4) b → ddd however, result in CP eigenstate final states that are the same as for the charged current modes (c8) b → uūs and (c7) b → uūd respectively. Hence they cannot be used to study CP violation, but rather act as corrections to the charged current modes. 
4-Standard Model Corrections
All of the preceding discussion treated the idealized case where only one Standard Model amplitude contributes to a particular decay process and worked to first order in the Wolfenstein approximation. The size of the sub-leading Standard Model corrections to the above processes must be estimated in order to quantify how large the new physics effects need to be to dominate these corrections and thus to find the most promising modes to study.
There is a Standard Model penguin contribution to (c1) b → ccs. However, as is well known, this contribution has the same phase as the tree-level contribution (up to corrections of order φ The mode (c2) b → ccd also has a penguin correction in the Standard Model. In this case φ 12 = O(1) and the correction can be estimated as [20] 
where the upper bound is obtained for |V td | < 0.02, m t = 180 GeV/c 2 and α s (mb) = 0.2.
The mode (c3) b → cūd does not get penguin corrections, however there is a doubly Cabibbosuppressed tree-level correction coming from (c5) b → ucd. Thus B d → D CP ρ gets a second contribution with different CKM elements. While in general δφ can be a function of hadronic matrix elements, this dependence is expected to be very weak here [21] . In the factorization approximation, the matrix elements of the leading and sub-leading amplitude are identical, as are the final state rescattering effects. Moreover, both these cases get contributions from only one electroweak diagram, thus reducing the possibility of complicated interference patterns. Thus
gives a reasonable estimate, where r F A is the ratio of matrix elements with Γ F A = 1 in the factorization approximation. Here | V ub V cb | < 0.11 and a reasonable limit for the matrix elements ratio, r F A < 2, were used to obtain the upper bound.
The technique proposed to extract using the modes (c4) b → cūs and (c6) b → ucs is manifestly independent of any "Standard Model pollution". Mode (c7) b → uūd suffers from significant Standard Model penguin pollution, which can be estimated by [22] 
where the upper bound is for |V td | < 0.02,|V ub | > 0.002, m t = 180 GeV=c 2 and α s (m b ) = 0.2. For some B d decays (notably ππ and ρπ) the effects of the Standard Model penguin can be removed by isospin-based analyses. However, this technique would also remove any new physics contributions to the gluonic penguin operator. 
This uncertainty can be reduced once φ ′ 2 is measured, using e.g.,
Finally (n2) b → dss suffers from an O (30%) correction due to Standard Model penguins with up and charm quarks [25] .
In summary, the cleanest modes are b → ccs and b → cūs since they are essentially free of any sub-leading effects. The modes b → cūd and b → sss suffer only small theoretical uncertainty, less than 0.05. For b → ccd the uncertainty is larger, O(0.1), and moreover cannot be estimated reliably since it depends on the ratio of tree and penguin matrix elements. Finally, the b → uūd and b → dss modes suffer from large uncertainties. Table 1 shows the largest allowable effects on B meson decay amplitudes in three models: (a) Effective Supersymmetry (Effective Supersymmetry denotes a class of supersymmetric extensions of the Standard Model where the third family is light (≤ 1 TeV/c 2 ), in order to maintain the naturalness properties of supersymmetric theories, while the first two families are heavy (≫ 1TeV/c 2 ) in order to alleviate the problem with flavor-changing neutral currents), (b) Models with Enhanced Chromomagnetic Dipole Operators, and (c) Supersymmetry without R Parity. The observed pattern of CP asymmetries can distinguish between different classes of new contributions to the B decay amplitudes. Consider two examples:
5-New Physics Possibilities
(1) In both models (a) and (b), the neutral current decay b → sss can have significant (O(1)) corrections. In model (c) however, this mode is essentially unmodified.
(2)The b → cūd channel can be significantly affected in model (c), in contrast with the other two models. In those models the new decay amplitudes are penguin induced, and require the up-type quarks in the final state to be a flavor singlet (cc or uū), thus giving no correction to the b → cūd decay.
Thus Thus new physics can be probed by comparing two experiments that measure the same phase 0 in the Standard Model [see Eq. (30)]. If these two measurements differ by an amount greater than the Standard Model uncertainty (and the experimental sensitivity), this provides a signature for new physics i.e.,
where φ(B → f ) is the angle obtained from the asymmetry measurement in the B → f 2
The most promising way to look for new physics effects in decay amplitudes is to compare all the Bd decay modes that measure φ 2 in the Standard Model (and the B s decay modes that measure φ ′ 2 in the Standard Model). The theoretical uncertainties among all the decays considered are at most O(10%), and they have relatively large rates. The best mode is B 0 → J/ψK 0 S which has a sizeable rate and negligible theoretical uncertainty. This mode should be the reference mode to which all other measurements are compared. The b → cūd and b → sss modes are also theoretically very clean. In addition, the b → sss being a loop-mediated process in the Standard Model, is particularly sensitive to new physics effects. In both cases the conservative upper bound on the theoretical uncertainty is less than 0.05, and this can possibly be reduced with more experimental data. Moreover, the rates for the relevant hadronic states are O(10 −5 ) which is not extremely small. Thus, three important relations are: 
The advantage is that the relevant rates are rather large, B(B d → D + D − ) ≈ 4 × 10 −4 . However, the theoretical uncertainty is large too. As long as one does not know how to calculate hadronic matrix elements it will be hard to place a conservative upper bound on the Standard Model corrections.
New physics can possibly be discovered by comparing the two ways to measure φ 3 in the Standard Model. For example one can compare the direct determination of φ 3 from b → cūs and b → ucs with the quantity φ 3 = π − φ 1 − φ 2 , where φ 1 and φ 2 are determined from b → uūd and b → ccs, respectively However, this approach is less promising since some of the rates are relatively small, and the theoretical uncertainties due to non-leading contributions to the φ 1 channels are significant. Thus, one would require large new physics effects in order to distinguish them from non-leading Standard Model contributions. Moreover, although an isospin-based analysis could substantially reduce the Standard Model uncertainty in b → uūd, it would simultaneously remove any isospin invariant new physics effects from this mode, thus requiring the new physics effects to be in the b → cūs mode.
New physics can also contribute an observable CP asymmetry in semileptonic B decays. This is measured by
where or sin φ 12 . New physics that gives large contributions to decay modes that are common to both B 0 andB 0 can enhance both of these factors and could lead to a SL ∼ 10%. Moreover, most models of new physics where new, heavy particles contribute to M 12 but not to Γ 12 would result in enhancements of the relative phase φ 12 leading to the possibilty that a SL ∼ 1%. This has recently been explored in the context of supersymmetric models [27] .
VI-Conclusion
In this paper we have shown that the B-meson system promises to yield a fertile testing ground of the Standard Model. The large data samples which will be acquired over the next decade will furnish the means to probe the Standard Model at an unprecedented level of precision. Precision measurements of low-energy processes can provide an insight to very high energy scales via the indirect effects of new interactions. Thus the B sector offers a complementary probe to the high-energy frontier in the search for new physics, and in some cases may yield constraints which surpass those from direct collider searches or exclude entire classes of models.
